Abstract: Additive partitioning of species diversity is a promising approach for analyzing patterns of diversity in mollusk communities, especially their spatial distribution. Our aims were to assess the distribution of mollusk communities in Southern Brazilian streams, and to evaluate the partitioning of community diversity at different spatial scales. The study was carried out in the lower course of the Toropi River, one of the main tributaries of the Ibicuí River Basin, in Southern Brazil. Four microbasins were considered: Sertão da Mata, Ribeirão, Tororaipi and Chiniquá, and sampling were undertaken in autumn, April and May 2009. Six sites were sampled in each stream: two in 1 st -order segments, two in 2 nd -order segments, and two in 3 rd -order segments. All species found and the community as a whole, exhibited a clumped distribution. However, the variance-to-mean ratios for the Drepanotrema kermatoides and Heleobia bertoniana were higher than those of other species, suggesting a higher degree of aggregation. The additive partitioning of the species richness showed that the observed richness at smallest scale (α=within streams) represented 20.7%, and among-streams (β 1 ) represented 10.5% of the total richness. The richness and Shannon diversity index observed at the alpha scale, were higher than those observed at the first level of beta diversity scale (β 1 =among-streams). The interaction between passive dispersal, tolerance to changes in some environmental variables, abiotic factors, and clumped distribution might have determined the spatial distribution of the communities studied. The greatest variation at the larger scales of analysis, involving among-orders and among-microbasins (β2 and β3, respectively) components, was expected, considering that the increase in distance leads to greater differences in richness (higher beta diversity). In conclusion, our results showed that the clumped distribution influenced the partition of the diversity of the mollusk communities in the streams studied. Dispersal methods and tolerance to variations in abiotic factors also have important roles in determining high alpha diversity. The partitioning of diversity showed that to preserve limnetic mollusks, it is important to preserve local areas, i.e., streams. Accordingly, conservation of streams on a local scale will contribute to conservation of the entire basin and maintenance of regional diversity (gamma). Rev. Biol. Trop. 62 (1): 33-44. Epub 2014 March 01.
Species diversity in an area is important for examining many important questions in ecology as well as for the development of management actions for conserving biodiversity (Engen, Saether, Sverdrup-Thygeson, Grotan & Odegard, 2008) . However, spatial patterns of species diversity change over multiple scales (Collier & Clements, 2011) . The pattern observed within a local community might be very different from these found over broader areas such as landscapes or regions (Crist, Veech, Gering & Summerville, 2003) . Thus, to effectively conserve regional biodiversity, conservationists need to know how diversity is distributed across spatial scales (Jost, Devries, Walla, Greeney, Chao & Ricotta, 2010) .
Partitioning of total species diversity into additive components within and between communities provides a framework by which diversity can be measured at different levels of organization (Lande, 1996) . Total taxonomic richness in a region (γ-diversity) consists of two components, a within-assemblage component (α-diversity) and an among-assemblage component (β-diversity) (Whittaker, 1960 (Whittaker, , 1972 . Studies have recently recognized applications for diversity partitioning in survey design (DeVries, Murray & Lande, 1997 ). An analytical approach based on the analysis of additive partitioning of diversity (Lande, 1996) is very useful for studies of conservation and restoration (Crist et al., 2003) . The additive partitioning of diversity decomposes regional differences into components that are expressed in the same units and can be easily compared at different scales of space and time (Crist et al., 2003) . For aquatic communities, the additive partitioning approach has been employed for many animal groups, such as fish assemblages (Eros, 2007) , aquatic insects (Heino, Louhi & Muotka, 2004; Ligeiro, Melo & Callisto, 2010; Hepp & Melo, 2013) and aquatic nematodes (Flach, Ozorio & Melo, 2012) .
River catchment basins are hierarchically organized and nested ecosystems comprising of river systems, stream segments, reach systems, riffle-pool sequences, and microhabitats (Allan & Castillo, 2007) . Thus, additive partitioning of species diversity is a promising approach for analyzing patterns of diversity sampled from hierarchically scaled studies (Lande, 1996; Crist et al., 2003; Ligeiro et al., 2010; Hepp, Landeiro & Melo, 2012) . It provides an operational method for analyzing species diversity across multiple spatial scales (Crist et al., 2003) , and to identify the most important sources of diversity and target conservation efforts appropriately (Stefanescu, Olaru & Boengiu, 2008) .
Freshwater environments are one of the most threatened ecosystems in the world. Human activities have altered water characteristics (e.g., Ricciardi & Rasmussen, 1999; Mansur, Heydrich, Pereira, Richnitti, Tarasconi & Rios, 2003) , which leads to degradation, and sometimes destruction of these environments (Moreno, Navarro & Las Heras, 2006; Hepp & Santos, 2009; Sensolo, Hepp, Decian & Restello, 2012) . In these settings, mollusks are one of the most imperiled animal groups (Ricciardi & Rasmussen, 1999; Brown, 2001; Bogan, 2006) . In North America, many mussel species have been extirpated due to damming of major rivers (Bogan, 2006) . This problem also occurs in other regions, and with other mollusk taxa, but is less well documented.
Efforts to comprehend the ecological requirements of freshwater mollusks conservation have increased, but have been generally addressed to taxa of Unionoidea (e.g., Strayer, Hunter, Smith & Borg, 1994; McRae, Allan & Burch, 2004; Bogan, 2008) . Studies of mollusk communities as a whole, especially those focusing on their spatial distribution, are relatively few (e.g., McRae et al., 2004; Souza, Guilhermino & Antunes, 2005; Lewin, 2006; Pérez-Quintero, 2007; Maltchik, Stenert, Kotzian & Pereira, 2010) . Studies about their diversity at different scales are lacking. However, some studies have shown that stream order, substrate, and macrophytes are important drivers (vannote, Minshal, Cummins, Sedell & Cushing, 1980; Miserendino, 2001; Buss, Baptista, Nessimian & Egler, 2004; Heino & Muotka, 2006; Hepp et al., 2012) . In fact, studying freshwater mollusk communities can be a very difficult task (Dorazio, 1999) . Clumped distribution (Elliott, 1977; Downing, 1991; Downing & Downing, 1992; vasconcelos, Espírito-Santo & Barboza, 2009) , among other biotic (passive dispersion by means of vertebrate vectors) and intrinsic factors, needs intensive sampling efforts, making it difficult to analyze the structure and distribution of their communities (Dorazio, 1999) . However, understanding how mollusks are distributed at different spatial scales could provide important data for defining preservation areas.
The Rio Grande do Sul state, localized in the southernmost Brazil, have a rich hydrographical net. The slope of the plateau is one of the most well preserved region of the state. This ecoregion shows numerous microbasins, formed by streams of small to medium order, characterized by variation in grain size due to surface geology (Vieira, 1984) . However, the integrity of these microbasins have been affected by the construction of dams for agricultural activities, which alter the water flow, converting lotic environments in lentic ones. This context shows the urgency in comprehending the diversity and the environmental factors that drive the spatial distribution of mollusk communities inhabiting the streams of the state. In this study we evaluated: i) the spatial distribution of mollusk communities in four microbasins of Southern Brazilian streams, and ii) the partitioning of diversity of the community at different spatial scales. We believe that the distribution characteristics of mollusks have a direct influence on the partitioning of diversity, in different components of α and β diversity considering different spatial scales. We also believe that α should be higher, or as higher as, β diversity scales due the clumped distribution and passive dispersion of mollusks, and due the landscape homogeneity (small spatial scale of study). This information will allow properly choosing spatial and local environmental factors to preserve the riverine malacofauna of Southernmost Brazil.
MATERIAL AND METHODS
The study was conducted in the lower course of the Toropi River, one of the main tributaries of the Ibicuí River Basin in Southern Brazil (Fig. 1) . The river basin is 3 310 km 2 in extent (Paiva et al., 2000) , and the lower course runs through a transition region, with a lowrelief gradient, in the foothills of the Lower Northwest Slope, in the North, and the plain of the Central Depression in the South (vieira, 1984) . In this region, the river flows over the sandstones of the Botucatu and Caturrita formations (Robaina, Trentin, Bazzan, Reckziegel, Verdum & De Nardin, 2010) . In general, the river and streambeds have gravel sediment on the slopes, and sand in floodplain areas (Vieira, 1984) . The land is used for some fruit orchards in the foothills, but rice plantations and cattle grazing and breeding predominate, especially in the lowlands.
The climate of the region is subtropical humid, with warm summers or Cfa according to Köppen classification (Maluf, 2000) . Rainfall is evenly distributed through the year, with annual totals ranging from 1 500 to 1 750mm; the mean annual temperature varies between 18 and 20ºC, with the lowest temperatures (12°C) in June and July (Pereira, Garcia Netto & Borin, 1989) . The vegetation is a transition zone between the Seasonal Deciduous Forest (forest galleries) and the Savanna (grasslands) within the Pampa biome (Marchiori, 2002) . The present-day vegetation is highly degraded by conversion to pasture, but riparian vegetation is well preserved on the slopes. With respect to land use around the streams and sampling sites, pasture predominated at 20 sites (83%). Riparian vegetation was present at 71% of the sites, and 21% of the first-order stretches had no riparian vegetation. Macrophytes were present at 46% of the sites, and sparsest along the Sertão da Mata stream (Table 1) . Current velocity (mean=0.19m/s), pH (mean=7.23) and dissolved oxygen (mean=8.29mg/L) varied little among the streams. The streambeds were predominantly sandy, except in the Sertão da Mata, where gravel predominated. Biochemical oxygen demand and water conductivity values were higher in the Sertão da Mata and Tororaipi streams than in the other two. Sampling was carried out in autumn, in April and May 2009, when floods and dry periods are not common, in four microbasins of the lower course of the Toropi River (Fig. 1) . The Sertão da Mata (ca. 71km 2 ) and Ribeirão (ca. 76km 2 ) streams are located closest to the Lower Northwest Slope, their beds have coarse sediment (gravels), and the vegetation cover is well developed. Land use along the Sertão da Mata is mainly fruit orchards, and along the Ribeirão mainly pasture. In the Tororaipi (ca. 153km 2 ) and Chiniquá (ca. 50km 2 ) streams, farther from the slope (Fig. 1) , the streambeds are sandy, and only riparian vegetation occurs. Along both streams, land use is devoted to farming, with several rice plantations along the Tororaipi stream. In each stream, six sites were sampled, two in 1 st -order segments, two in 2 nd -order segments, and two in 3 rd -order segments, according to Strahler's classification (Strahler & Strahler, 1989) . At each site, three quadrats of 1x5m were sampled with sieves (mesh=1mm), which were used to dredge the sediment to a depth of 10cm. Gravel was removed and the pieces individually examined. Each quadrat was sampled for 20 minutes, by four similarly trained persons.
Chi-square tests were used to measure patchiness in species populations or in whole communities (i.e., whether the organisms are distributed randomly through the samples, or clumped or uniformly distributed). Variance lower than the mean shows organisms uniformly spaced, whereas variance higher than the mean indicates that organisms are clumped (Krebs, 1999) . The analysis was performed with the Beta/Species Distribution test using the BioDiversity Pro 2.0 software (McAleece, Lambshead & Paterson, 1997) .
The additive partitioning of species diversity was analyzed by means of a biological matrix, hierarchically organized as follows: within streams (α), among streams (β 1 ), among orders (β 2 ) and among microbasins (β 3 ). Thus, the partitioning diversity model evaluated was: γ (regional diversity) =α+β 1 +β 2 +β 3 . The taxonomic richness, expressed by the number of species identified, and the Shannon index was used as measure of diversity. The significance of the test was obtained from 1 000 randomizations based on sampling units (Crist et al., 2003) . The test evaluates how much of the observed diversity is larger or smaller than that expected from the null model. High proportions (e.g., p>0.975) indicate that the observed values were smaller than those expected by chance. On the other hand, low proportions (e.g., p<0.025) indicate that the observed values were larger than those expected. The test was performed in the software R (R Development Core Team, 2012) using the boot package (Canty & Ripley, 2006) .
RESULTS
A total of 1 247 specimens were collected and assigned to 13 species ( (Guilding, 1828) and Diplodon delodontus (Lamarck, 1819) were each one found in only one site.
Richness was higher in the Tororaipi Stream and in 1 st and 2 nd order segments (Table  2) , and composition also varied according these spatial factors. For all species found, the chi-square test showed variance values greater than the mean. Thus, all the species found, and also the community as a whole, showed a clumped distribution (Table 3) . However, the variance-to-mean ratios for D. kermatoides and H. bertoniana were higher than those of other species, suggesting a greater clumped degree. The additive partitioning of the species richness showed that the observed richness at the smallest scale (α=within streams) represented 20.7% of the total richness, and was smaller than that expected by the null model (p=0.999) ( Table 4) . Richness among streams (β 1 ) comprised 10.5% of the total richness and was higher than that expected by the null model (p<0.001). Although the richness on the among-orders and among-microbasins scales (β 2 =24.5%, p=0.148; β 3 =44%, p=0.247, respectively) was high, the observed values were similar to those expected by the null model. The additive partitioning of Shannon diversity index showed that the value observed at the smallest scale was smaller than that expected by the null model (α=30.6%, p=0.999). The among-streams scale showed values of Shannon diversity higher than those expected by the null model (β 1 =13.9%, p<0.001). The amongorders and among-microbasins scales showed observed values similar to the expected ones (21.1%, p=0.217; β 3 =34.4%, p=0.042).
DISCUSSION
Relatively few studies have analyzed and quantified the clumped life habit in freshwater mollusks, but the phenomenon has been mentioned in the literature (Elliott, 1977) . Thus, the clumped distribution of all species and of the community as a whole in the streams of the Toropi River basin is not surprising. Several investigators have commented that reproduction is the main cause for freshwater-mollusk clumped condition (Downing & Downing, 1992; Downing, Rochon & Pérusse, 1993; Ansell, 2001; Martell, Tunnicliffe & MacDonald, 2002) . Limitations in dispersal capacity can also contribute to the clumped pattern (Thompson & Townsend, 2006) and spatial autocorrelation of organisms' distribution (Legendre, 1990) . Active dispersal in mollusks can be considered limited, i.e., slow (e.g., crawling and rheotactic) (Kappes & Haase, 2012) . However, mollusks can compensate for this 'limitation' by using passive but efficient means of dispersal, such as current drift and vertebrate vectors (Kappes & Haase, 2012) . Previous studies have shown that geographical distance is one of the main factors affecting variability in stream macroinvertebrate assemblages (Costa & Melo, 2008; Hepp et al., 2012; Hepp & Melo, 2013) . If the variation in community composition is random, and accompanied by biotic processes that generate spatial autocorrelation (e.g., reproduction), a gradient in species composition may appear, and beta diversity can be interpreted in terms of the rate of change, or turnover, in species composition along that gradient. Thus, models generated in additive partitioning studies conducted with riverine macroinvertebrates have shown that richness on the smallest scale (α) was lower than that expected by chance (e.g., Ligeiro et al., 2010) . In our study, the model generated for the mollusk communities showed a different pattern than those generally obtained for riverine macroinvertebrates. The richness and Shannon diversity index observed at the small scale (α=within-streams) were higher than those observed at the first level of beta diversity scale (β 1 =among-streams), and the expected values indicated that these differences should be higher.
The distribution pattern observed for mollusk communities studied can be explained by a combination of mollusk intrinsic and biotic factors, including not only the clumped life habit, but also the capability of many species to tolerate variations in abiotic factors, and their dispersal methods. These intrinsic factors must also be influenced by extrinsic ones, i.e., by the environmental features of the sampling sites. Many freshwater mollusks are widely tolerant to environmental conditions, such as desiccation (Jokinen, 1978) and low water oxygen content (McMahon, 1983) . In Southern Brazil, freshwater mollusk species are tolerant to variations in some important abiotic factors, such as grain size and presence of macrophytes (see review by Martello, Kotzian & Simões, 2006) . In general, the microbasins, as well as many of the studied sites, showed similar values for abiotic factors such as pH and dissolved oxygen. Only macrophytes and substrate grain size varied, especially in the Sertão da Mata microbasin. However, no species was found exclusively in this stream. Members of Heleobia and Hebetancylus inhabit streams and rivers with a variety of substrates (e.g., Lanzer, 1996; Pereira, veitenheimer-Mendes, Mansur & Silva, 2000) .
The role of vertebrates in mollusk dispersal is poorly understood, but the use of fish is a well-known indirect method of dispersal (Kat, 1984) . Birds and other terrestrial vertebrates (Brown, 2007; Cadeé, 2011) have also been mentioned as important vectors. In the Ibicuí River basin, which encompasses the Toropi River basin, mollusks with soft parts were found in the final portion of the intestine of some fish, constituting the second most important food item (10.3%; Fagundes, Behr & Kotzian, 2008) . Previous studies also suggest that they are able to survive passage through fish and birds' digestive tracts (Brown, 2007; Cadeé, 2011) . In rivers and streams of Southern Brazil, mollusks possibly also use these animals to disperse. Thus, the sites where a freshwater mollusk species can be found could be considered random, because their occurrence must be determined by vertebrate routes of displacement.
In other words, an interaction among passive dispersal, tolerance to changes in some environmental abiotic factors, and clumped distribution may have determined the spatial distribution of the communities studied here. If one or more mollusks abandon their host/vector, settling in a favorable site, they will colonize this place, and their populations could be abundant. In fact, the association between aggregation (variance-to-mean ratio) and abundance may be positive: the more resources available, the greater the abundances and the more clumped the individuals around the patchy resources (Rice & Lambshead, 1994) . However, if the mollusks settle in an unfavorable site, they can survive because they are tolerant to abiotic factors variations, but their populations will be low. Thus, species composition and richness can be very variable from site to site, and be random in a particular area, even if environments allow the existence of many species. In any case, populations will be spatially clumped, a condition related to mollusk reproductive characteristics (Downing & Downing, 1992; Downing et al., 1993; Ansell, 2001; Martell et al., 2002) . The absence of mollusks from many quadrats and some sites studied here, and the localized occurrence and abundance of many species in the streams of the lower course of the Toropi River basin support the argument for this phenomenon.
The greater variation on some larger scales of analyses (although similarly), involving among-orders and among-microbasins (β2 and β3) components was expected, considering that the increase in distance leads to greater differences in richness (higher beta diversity). Several other studies reported this pattern (Heino et al., 2004 , Ligeiro et al., 2010 Hepp et al., 2012) . The structure of basins and heterogeneity created by topographical limits demonstrates particularly strong effects on beta diversity, due to the effect of restraint carried by the terrestrial landscape in separating rivers (Kerr, Southwood & Cihlar, 2001; Clarke, Macnally, Bond & Lake, 2008) . However, in the region studied, microbasins are separated by the main course of the Toropi River, and the spatial distribution of mollusk communities should be more influenced by the displacement of their vectors than by other factors. On the other hand, grain size and macrophytes exhibited more variation among microbasins than within microbasins, determining that the stream order should have had little influence on mollusk diversity. In other words, although the region studied is homogeneous concerning relief and land use, the small differences in local factors, such as substrate grain size and presence of macrophytes, both very important drivers of mollusk communities (Horsák & Hájek, 2003) , should have coupled to clumped distribution and passive dispersion, providing more importance to α and β1 scales.
In conclusion, our results showed that the clumped distribution influenced the partition of the diversity of mollusk communities in the streams studied. Dispersal methods and tolerance to variations in abiotic factors also have important roles in determining high alpha diversity. Our results further showed that variability on larger scales may occur, which is likely to be marked at distances greater than 100km. This conclusion is based on the high variation observed at the larger scales, even if not significant when compared to the null model. The partitioning of diversity showed that to preserve limnetic mollusks, it is important to preserve local areas, i.e., streams. Conservation of streams on a local scale will also contribute to a broader conservation of the basin, thus contributing to the maintenance of regional diversity (gamma). 
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RESUMEN
Distribución y partición aditiva de la diversidad de las comunidades de moluscos de agua dulce en arroyos del Sur de Brasil. La partición aditiva de la diversidad de especies es un enfoque prometedor para el análisis de los patrones de diversidad en las comunidades de moluscos, especialmente su distribución espacial. Nuestros objetivos fueron evaluar la distribución de las comunidades de moluscos en los arroyos en el Sur de Brasil, y evaluar la partición de diversidad de la comunidad en diferentes escalas espaciales. El muestreo se llevó a cabo en cuatro cuencas del curso inferior del río Toropi, Brasil. Todas las especies encontradas, y también la comunidad en su conjunto mostraron una distribución agregada. La partición aditiva de la riqueza de especies mostró que la riqueza observada en menor escala (α=dentro de los arroyos) representó el 20.7%, y entre los arroyos (β1) representó el 10.5% de la riqueza total. La riqueza y diversidad de Shannon observadas en escala alfa (α=dentro de los arroyos) fueron mayores que las observadas en el primer nivel de escala de la diversidad beta (β1=entre los arroyos). La mayor variación en las grandes escalas de análisis, con la participación de los componentes entreórdenes y entre-microcuencas (β2 y β3, respectivamente) fue la esperada, ya que el aumento de la distancia conduce a mayores diferencias de riqueza (mayor diversidad beta). En conclusión, nuestros resultados muestran que la dispersión agregada tuvo influencia en la partición de la diversidad de las comunidades de moluscos en los arroyos estudiados. Los métodos de dispersión y tolerancia a las variaciones de los factores abióticos también juegan un papel importante para determinar la diversidad alfa. Así, la conservación de los arroyos a nivel local contribuirá a la conservación de la cuenca y al mantenimiento de la diversidad regional (gamma).
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